T HE purpose of this paper is to present briefly certain experiences at Toronto, particularly in connection with the chlorination of the water supply. At Toronto all matters having to do with the purification of the city water are in charge of the Laboratory Division of the Department of Public Health. It has, therefore, come about that we have been able to study certain problems from both a laboratory and from an operating standpoint.
As chlorination of water supplies has become more general it has, we think, come to be recognized that different waters vary a great deal in respect to the ease with which they can be chlorinated efficiently without the production of objectionable tastes or odors. In the case of some waters the dose necessary to produce an objectionable odor or taste is two, or three, or more times the dose that is necessary for bacterial destruction. Such a water is obviously easy to treat. We call waters of this kind "wide gap waters," meaning that a wide gap exists between the efficiency dose and the taste dose. A second class of waters presents a comparatively narrow gap, that is to say the dose of chlorine necessary for bacterial destruction is never very far below the dose that will give a taste. It seems possible that there is a third type of water in which the taste dose is below the efficiency dose, which means that it would be impossible to chlorinate this water effectively without having an objectionable taste or odor present all the time. We have had no experience with such a water, but can conceive the possibility of its existence.
At Toronto our water supply is drawn from Lake Ontario, and it belongs to that class of water presenting at all times a comparatively narrow gap between the efficiency and the taste doses. At Torouto the interesting point is that the gap between the efficiency and the taste doses is by no means of constant width. Under certain conditions it narroxws, that is to say the taste dose and the efficiency dose move closer together, in fact we believe at times they practically coincide. It will be understood from the foregoing that the water which we have to chlorinate is variable, that is to say we will for a period of days get a water at our intake pipes which it is possible to chlorinate efficiently without taste with considerable ease. Then in a few hours the water may change in character to a water that it is very difficult to chlorinate efficiently without getting complaints from the citizens that the water tastes and smells. We call this troublesome type of water "a susceptible water," meaning that it is susceptible to taste or smell after chlorination. At Toronto the variability of the water at the intake with respect to the ease with which it can be chlorinated satisfactorily is entirely dependent upon winds. If we have steady west winds, or north winds, or south winds-the latter being a rarity-we have no particular trouble in chlorinating the city water, but when we get a sustained east wind then we have trouble. Just why this should be we admit frankly we do not know. Color would appear to have nothing to do with the matter. We are sure also that turbidity is not a factor, and we are sure also that temperature is at least not the whole story. Our sewage disposal works discharge into Lake Ontario five miles east of the water intake, and there is no doubt that with an east wind we get some, often serious, sewage pollution. Susceptibility to taste, however, of an east wind water does not seem to vary at all uniformly with the degree of sewage pollution as determined either by bacteriological or chemical examination. Nevertheless, we consider it a decided possibility that taste after chlorination of an east wind ,67
The American Jouri water is due to the formation of chlor-amines or similar substances.
Another feature of an east wind water that deserves mention is that on microscopical examination it shows the presence of an unusually large number of microscopic organisms. While some of them are of the taste and odor variety we are not able from our examinations to say definitely that the presence of these organisms makes our east wind water chlorine susceptible, although we consider that a distinct possibility.
It will be plain from what has already been stated that in Toronto it is not possible for us' to add the same dose of -chlorine to the city water day after day, and get efficiency in bacterial destruction, and not get taste. It is necessary for us to vary the dose fairly frequently, probably half a dozen times a week on an average, and to do this satisfactorily we were compelled to devise some reliable method for our guidance. This will be dealt with presently.
A few years ago it was not infrequently stated that if a dose of chlorine sufficient to sterilize water were used the sterilizing action was instantaneous, and the chlorine rapidly disappeared. With Great Lakes water at Toronto, at least, this is not a fact. It is our opinion that in order to be sure that bacterial destruction has been accomplished it is necessary to add to the water enough chlorine to leave a slight surplus present for at least several minutes, this surplus being recognized by the blue color given by the ordinary starch-iodide test. With our system of dose control we endeavor to keep this slight excess of chlorine a constant quantity regardless of the nature of the water that is under treatment, and regardless of the dose that has to be added in order to maintain that excess. Our procedure is as follows: We have had made up a cabinet arrangement which gives constant light conditions, and this cabinet contains a set of blue color standards made up with anilirn dyes and also three burettes containing dilute sulphuric acid, potassium iodide, and freshly prepared starch. Our chlorination operators take samples of water about three minutes after chlorination has occurred, and add definite quantities of acid, starch, and potassium iodide. A. blue color results, and this blue color is matched up against the set of standards.
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The set of standards we use number 1 to 5, No. 1 being the lightest and No. 5 the darkest. Our instructions to our chlorination operators are to "Keep color No. 2." They follow out these instructions in this way. They make their tests of the chlorinated water every hour, and if the color drops to color No. 1 the dose of chlorine being added to the water is raised a notch, and after a proper period of time another test is run to see whether with the new dose there is a sufficient surplus of chlorine to give color No. 2 on the standards. If, on the other hand, the starch-iodide color in the chlorinated water should rise to color No. 8, the dose would be cut down a notch and checked up as before.
By conducting a series of tests we determined that color No. 2 represented a surplus of chlorine in the finished water that would guarantee us efficiency in bacterial destruction at all times, and in the great majority of cases would not give taste or odor, and under no circumstances a bad taste or odor. Following this method of dose determination we have at trouble periods, when the character of the raw water is changing pretty rapidly, been able over so short a period as 12 hours to cut 'the dose of chlorine all the way from .3 parts per million to .175 parts per million, and get efficiency and absence of bad taste throughout. Without some system of this kind of determining rapidly the dose of chlorine required at the moment, there is no doubt in our minds that we would either have lost our efficiency, or we would have had numerous complaints from the citizens about the taste in the water.
We had considerable difficulty in producing with aniline dyes a set of blue colors that really matched closely the starch-iodide color in chlorinated water at Toronto. We tried a great many dyes by themselves and in combination, and finally enlisted the assistance of an artist familiar with mixing colors. It was found in the end that by mixing a cardinal with a green we were able to get a very good match. Moreover, this combination for some reason or other gives the standard a somewhat opalescent appearance instead of being perfectly bright, and this improves the standard because the starch-iodide color is not bright on account of the presence of gelatinized starch.
It is interesting to note here that the blue color given with starch and iodine by a chlori. nated non-susceptible water is not usually the same as that given by a susceptible chlorinated water, the latter giving a blue with more green in it.
The exact method of preparation of the aniline dye standards is as follows:
The dyes are manufactured by Read, Holliday, & Sons, 11 Gold St., New York City; and they are sold under the trade names of Brilliant Mill Green "S" and Cardinal Red "J."
. 1.25 cc.
It will be noted that there is proportionately less red in the higher colors.
We do not know how long these standards will keep. We make up fresh ones every week, but it is quite possible that they would remain in good shape for a longer period than this.
As to the results to be expected by this method of control we would say that at Toronto we appear to have a water that is decidedly troublesome to chlorinate efficiently, and yet avoid taste. We have had this method of control in operation for a period of four months, and we have practically never failed to get efficiency in bacterial destruction, and complaints of taste in the city water have been comparatively rare.
It may be of interest to note that we have tried out liquid chlorine fairly extensively at Toronto, and our conclusion is that at least ,ion Experiences 869
with Great Lakes water at Toronforit possesses no advantages over chlorine derived from bleaching powder as far as lower dose and freedom from taste are concerned.
In conclusion the writer desires to state that while he has had some part in developing the system of dose control outlined in this paper, it has in a large part been the work of Mr. J. W. Scott, who is a member of the Laboratory staff, and who has direct charge of our chlorinating plants; and of Col. G. G. Nasmith, the Director of the Laboratories.
In connection with this paper the reduction in the typhoid death-rate at Toronto in recent years is interesting. The greatest factor in the reduction shown above is believed to be chlorination of the city water supply, controlled in such a way as to be efficient at all times. It is true that in the period shown there has gone into commission at Toronto an efficient slow sand filter, but 
